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FOftEWOW 

This  report  presents  the  final  results  of  one  of  the  projects  participating  in  the  military-effect 
programs  of  Operation  Hardtack.  Overall  information  about  this  and  the  other  military-effect 
projects  can  be  obtained  from  WT-1660,  the  “Summary  Report  of  the  Commander,  TaiA  Unit 
3.  “  This  technical  summary  includes:  (1)  tables  listing  each  detonation  vrlth  its  yield,  type, 
environment,  meteorological  ccmditions,  etc. ;  (2)  maps  showing  shot  locations;  (3)  discussions 
of  results  by  programs;  (4)  summaries  of  objectives,  procedures,  results,  etc. ,  for  all  projects; 
and  (S)  a  listing  of  project  reports  for  the  military-effect  programs. 


ABSTMCT 


The  objective  of  this  project  was  to  measure  and  correlate  with  existing  data  the  physical 
charactei‘lstics  of  craters  (radius,  depth,  lip  height  and  width,  throwout,  and  permanent  ver¬ 
tical  ground- surface  dl^lacement  surrounding  the  crater)  resulting  from  near-surface  nuclear 
detonations. 

Primary  participation  was  on  Shots  Koa,  Cactus,  and  Fig,  the  only  land-surface  bursts  of 
Operation  Hardtack.  Dimensions  of  the  craters  were  determined  by  tc^pogriMPhic,  lead-line, 
and  aerial-stereographic  surveys.  Secondary  participation  included  fathometer  surveys  of 
barge  shots  Linden,  Oak,  Tellowwood,  Butternut,  and  Holly. 

When  the  crater  dimensions  of  the  above  shots  were  compared  to  adjusted  dimensions  taken 
from  the  crater  curves  of  TM  23-200  it  was  found  that  Shot  Cactus  and  Shot  Fig  crater  data 
compared  favorably,  but  the  Shot  Boa  crater  dimensions  were  enlarged  because  the  device  was 
emplaced  in  a  water  tank.  The  barge-shot  craters  were  larger  than  values  calculated  from 
TM  23-200. 
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PHYSICAL  CHARACTERISTICS  of  CPATERS  from 
NEAR -SURFACE  NUCLEAR  DONATIONS 


OBJECTIVES 

The  objectives  of  this  project  were  to  (1)  measure  the  physical  characteristics  of  the  ai^rent 
craters  and  lips  from  near- surface  nuclear  detonations;  (2)  compare  and  correlate  the  data  so 
obtained  with  those  already  available  in  order  to  more  firmly  establish  the  capability  of  predic¬ 
ting  craters  from  surface-burst  weapons;  and  (3)  document  the  crater  lip,  throwout,  and  perma¬ 
nent  vertical  ground  surface  displacement  surrounding  the  apparent  craters. 

BACKGROUND 

In  the  last  several  years,  the  increased  interest  in  cratering  as  a  primary  damage  mechanism 
has  resulted  in  a  need  for  data  to  improve  crater-prediction  techniques,  particularly  for  surface 
detonations.  Craters  from  twelve  nuclear  detonations  in  the  EPG  were  documented  during  Oper¬ 
ations  Greenhouse,  Ivy,  Castle,  and  Redwing  (References  1,  2,  3,  and  4).  Results  have  been 
analyzed  and  used  in  the  prediction  curve  with  factors  given  in  TM  23-200  (Reference  5,  F^res 
2-20  through  2-26B). 

Figures  1  and  2  of  this  report  contain  a  summary  of  scaled  crater  data  from  past  EPG  (^ra¬ 
tions  as  well  as  cratering  curves  taken  from  TM  23-200.  The  data  show  considerable  scatter 
which  is  due  primarily  to  variation  in  soil  structure  of  the  islands,  washing  action  of  waves 
generated  by  the  shots,  and  washing  action  by  tidal  effects.  TM  23-200  su^ests  multiplication 
factors  be  used  in  conjunction  with  the  TM  dry-NTS-soil  curves  to  account  for  these  environmen¬ 
tal  conditions.  In  the  theory  section  of  this  report,  results  from  past  EPG  craters  are  compared 
with  TM  23-200  by  the  use  of  factors. 

In  past  c^rations,  unusual  weapon-tamping  configuration  has  Influenced  the  crater  size  (Ref¬ 
erences  4  and  6).  It  would  be  impossible  to  assign  crater  adjustment  factors  for  the  many  poss¬ 
ible  types  of  weapon-tamping  configurations.  One  configuration  that  has  not  been  fully  evaluated 
is  that  in  which  a  large  water  tank  encloses  a  device,  i.  e. ,  Shot  Seminole,  Operation  Redwing 
(Reference  4).  This  configuration  became  important  to  this  (^ration  because  Shot  Kba  had  a 
similar  tamping  configuration.  The  crater  formed  from  Shot  Seminole  was  larger  than  expected, 
and  this  was  attributed  to  the  water  enclosure.  It  was  expected  that  Shot  Koa  would  give  addi¬ 
tional  information  on  this  effect. 

Reliable  data  on  crater  lip  dimensions  have  been  limited  to  a  few  high  explosive  cratering 
series  and  three  nuclear  craters.  Lip  dimensions  for  these  shots  have  been  taken  from  smoothed, 
average  profiles  representing  actual  l^>s  of  rough  and  irregular  shapes.  Several  methods  of  pre¬ 
dicting  lip  height  are  given  in  test  literature;  TM  23-200  indicates  that  the  crater  14>  height  is  one- 
fourth  of  the  crlUer  deirth,  while  other  sources  indicate  scaling  by  fractional  powers  of  the  yield 
(Reference  7).  Predictions  of  lip  width  have  included  areas  large  enough  to  contain  all  the  large 
throwout  fn^inents. 


9A  <the  praaeMt  ttaw  pretttctlORS  of  crater  dimensioiis  are  baaed  largely  on  empirical  carves 
dm-tved  for  tiie  musat  part  from  data  from  high  explosive  charges  sigiplemeiited  by  a  few  nuclear 
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detonations  at  the  NTS  and  the  EPG.  These  shots,  however,  were  fired  under  a  wide  range  of 
conditions;  for  example,  variations  of  soil  type,  moisture  content,  and  height  or  depth  of  burst 
(HOB).  This  complicated  the  correlation  and  enabled  numerous  curves  to  be  drawn  to  fit  plotted 
points  without  a  sufficient  number  of  points  under  one  condition  to  make  a  statistical  analysis  or 


MOtHT  Of  MIST, 

Figure  1  Crater  radius  versus  heii^t  of  burst,  scaled  to  1  kt. 

to  determine  and  understand  deviations.  A  need,  therefore,  existed  to  collect  all  shot  data  and 
if  possible  reduce  them  to  a  standard  condition,  (i.e.,  soil,  yield,  and  hei^t  of  burst). 

In  order  to  reduce  existing  data  to  a  standard  condition  it  is  recognised  that  many  assumptions 
will  have  to  be  made  and  in  many  cases  arbitrary  factors  used,  e^>eciaUy  on  the  data  from  the 
nCk  Mnciiof  this  could  be  oUmlimtod  by  hlgli  wylostve  tost^.  Throo^  a  aerleo  of  small 
M|lh  ai^liiialii  teats  tn  hBHHsaseai  soils  It  might  bo  possMe  to  Isolate  cortata  soil  progsrtles 
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such  as  strength,  saturation,  and  void  ratio  and  to  determine  effects  of  these  parameters  on 
crater  size. 

In  the  absence  of  more  refined  testing,  and  for  the  purpose  of  more  closely  relating  EPG  data 
In  this  report,  the  following  assumptions  and  factoring  systems  will  be  used. 

The  assumed  standard  conditions  are:  (1)  homogeneous  dry  sandy  soil;  (2)  zero  height  of  burst; 
i.  e. ,  the  center  of  gravity  of  the  charge  at  the  ground  surface  with  the  lower  part  of  the  charge  in 
full  contact  with  the  cratering  medium;  (3)  spherical  charge;  and  (4)  1-kt  yield. 


«0  SO  40  SO  to  10  0  10 

NCMNT  OURST,  fM» 

Figure  2  Crater  depth  versus  height  of  burst,  scaled  to  1  kt. 

Scaling  for  crater  radius  is  based  on  cube  root  scaling;  1.  e. ,  the  radius  varies  directly  as  the 
cube  root  of  the  yield  (or  charge  weight) 

R  =  AW'^  for  scaled  HOB 

Where:  R  =  radius  in  feet 
W  =  yield  in  kt 
A  =  constant 

This  is  a  straight  line  with  a  slope  of  one  third  when  plotted  on  log  paper;  i.  e. , 
log  R  =  log  A  V3  log  W  with  A  the  intercept  for  a  yield  of  1  kt  at  the  surface. 

Although  deviations  from  cube  root  scaling  may  exist  for  variations  in  yield  and  height  of  burst, 
cube  root  scaling  is  assumed  to  hold  for  all  materials  (sand,  clay,  rock),  conditions  of  materials 
(saturation,  compaction),  and  heights  of  burst,  then  only  the  intercept  (A)  will  be  changed  with  a 
change  in  materials  or  height  of  burst,  and  a  family  of  lines  which  are  parallel  to  the  standard 
line  will  exist.  It  becomes  necessary  to  introduce  factors  by  which  the  intercept  (A)  can  be  modi¬ 
fied  in  order  to  reduce  all  data  to  the  standard  line:  Thus  R  =  /  (Fj,  Fj,  —  AW^^. 

the  precise  nature  of  the  function  is  not  known,  it  will  be  assumed  as  R  =  FjFj — FjjAW 

Thsre  rsmulni  tlie  proUem  of  finding  the  variables,  defining  tbem  with  known  tests  and  re¬ 
lating  them  to  the  crater  radius.  It  is  assumed  that  the  values  of  these  factors  can  be  deter¬ 
mined  Ind^ndmitly  of  each  other. 
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Since  no  new  high- explosive  test  data  are  available  for  determining  these  variables,  TM 
23-200  and  past  test  data  will  be  used  as  a  guide.  These  variables  are  defined  in  the  TM  by 
three  gross  factors  as  follows: 


Soil  Type  Factors 

Saturated  soil  1.5 

Washed  soil  2 

Granite  or  Sandstone  0,6 

Sand  1.0 


The  above  factors  may  be  a  guide  to  the  limits  by  which  craters  are  affected  by  these  varia¬ 
bles.  If  a  more  detailed  analysis  of  the  soil  is  made  other  variables  such  as  void  ratio,  soil 
fracture  in  the  crater  vicinity,  and  degree  of  confinement  can  be  used  toward  a  greater  accuracy 
in  crater  prediction. 

Until  further  determinations  are  made  as  to  standard  soil  conditions,  the  dry  soil  curve  as 
given  in  TM  23-200  shall  serve  as  the  standard  curve,  and  the  value  of  A  shall  be  taken  as  64 
feet. 

With  the  exception  of  height  of  burst,  energy  containment,  and  washing,  all  variables  are 
directly  concerned  with  soil  prc^erties. 

The  HOB  factor,  Fi,  is  determined  from  the  standard  dry  soil  curve  contained  in  TM  23-200. 
This  curve.  Figure  1,  shows  a  change  in  crater  radius  as  the  burst  position  of  the  device  varies 
from  the  ground  surface.  A  factor  for  any  scaled  height  of  burst  Is  found  by  determining  the 
factor  needed  to  adjust  the  crater  radius  to  that  of  a  surface  burst.  The  accuracy  of  such  fac¬ 
tors  would  depend  upon  the  accuracy  of  the  TM  23-200  curve  and  scaling.  Adjusting  and  com¬ 
paring  of  craters  with  scaled  height  of  burst  above  20  feet  by  means  of  HOB  factors  is  not  con¬ 
sidered  necessary  since  these  craters  are  only  shallow  ground  depressions. 

The  F2  factor  may  be  denoted  as  a  strength  factor  and  is  probably  related  to  the  strength  of 
the  soil  in  compression  and  shear.  The  relationship  should  be  sought  in  terms  of  the  unconflned 
compressive  strength  since  the  a^iropriate  degree  of  confinement  is  not  constant,  sand  cannot 
be  tested  for  compression  in  an  unconfiqed  condition,  therefore,  it  shall  be  given  a  strength 
factor  of  one.  The  upper  limit,  then,  for  the  Fj  factor  is  1.0.  The  lower  limit  would  be  the 
value  for  hard  rock,  which  for  granite,  as  given  in  the  TM,  is  ^proximately  0.8. 

The  F]  factor  accounts  for  degree  of  saturation.  (The  degree  of  saturation  is  the  percentage 
of  voids  which  are  filled  with  water  and  ranges  from  0.0  for  a  dry  sand  to  100.0  for  a  completely 
saturated  soil. )  Since  dry  sand  is  the  standard  having  a  value  of  1.0  the  lower  limit  would  be 
1.0.  The  upper  limit,  representing  complete  saturation,  will  vary  for  sand  or  clay  type  soils 
iMt  to  be  consistent  with  TM  23-200  a  value  of  1.5  will  be  used. 

The  F4  factor  is  for  washing  and  ranges  from  1.0  to  1.33  for  saturated  sand.  Clay  type  soils 
are  expected  to  be  affected  to  a  lesser  degree  by  washing,  and  rock  is  expected  to  be  affected 
to  a  still  lesser  degree.  It  is  recognised  that  craters  at  the  EPG  have  been  subjected  to  different 
degrees  of  washing  as  evidenced  by  the  existence  of  crater  lips  for  some  craters.  An  attempt 
will  be  made  to  assign  factors  for  (1)  complete  washing  to  craters  with  no  lips,  (2)  partial  wash¬ 
ing  to  craters  where  evidence  of  lip  exists,  and  (3)  no  washing  for  craters  with  lips  that  are  land 
locked. 

Another  factor,  Fg,  energy  containment,  can  be  entered  into  the  equation.  This  factor  will 
be  a  correction  for  the  degree  of  containment  of  the  nuclear  device  which  results  in  the  direct¬ 
ing  of  more  or  less  energy  into  the  ground.  This  is  a  significant  factor  since  data  from  two 
contained  surface  shots  (Slots  Seminole  and  Kba)  in  the  EPG  area  indicate  a  considerable  in¬ 
crease  in  crater  dimensions  with  some  form  of  tamping.  A  number  of  variables  such  as  density 
and  thickness  of  containment  material,  weapon  design,  and  placement  all  enter  into  the  deter- 
mtaMtion  of  this  factor.  It  to  prohaMe  that  each  detonation  of  this  nature  must  be  analysed 
separately. 

Another  factor,  Fg,  can  be  Inserted  for  inhomogeneities  that  are  relatively  distant  in  com¬ 
parison  to  toe  close-in  phenomena.  That  to,  this  Inhomogeneity  factor  to  a  correction  for  such 
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changes  In  the  media  as  interfaces  and  cavities.  Here  again  each  shot  must  be  studied  individ¬ 
ually.  This  factor  has  more  effect  on  crater  depth  and  profile  than  radius  according  to  data 
from  a  high- explosive  test,  Reference  8. 

The  above  analysis  has  been  for  the  determination  of  crater  radius.  Crater  depth,  it  is  felt, 
is  a  function  of  the  same  variables  though  numerical  values  of  Fj  through  Fg  may  be  different 
for  crater  radius  and  depth.  The  problem  now  becomes  one  of  rectMisidering  the  individual  shots 
at  the  EPG  and  by  assuming  adjustment  factors,  using  the  above  discussion  as  a  guide,  making 
a  better  correlation  of  the  crater  data. 

Ivy  Mike  was  a  10.5  Mt  device  fired  at  a  height  of  burst  of  35  feet.  Crater  measurements 
show  a  radius  of  2,810  feet  and  a  depth  of  120  feet.  Crater  pictures  show  an  absence  of  any  14>; 
a  condition  which  indicates  full  washing.  In  using  a  factoring  system  to  reduce  the  crater  to 
NTS  conditions,  the  radius  should  be  reduced  by  a  factor  of  two  to  account  for  saturation  and 
washing  but  increased  by  a  factor  of  1/0.94  to  compensate  for  height  of  burst.  The  adjusted 
radius  would  be  ai^roximately  1,500  feet. 

Castle  Shot  1  was  a  14.5  Mt  device  fired  at  a  height  of  burst  of  18.5  feet.  Crater  measure¬ 
ments  showed  a  radius  of  3,000  feet  and  a  depth  of  240  feet.  This  shot  was  also  considered  to 
be  fully  washed.  A  factor  of  two  is,  therefore,  used  for  saturation  and  washing  effects.  The 
factor  in  this  case  would  be  1/0.98  and  the  adjusted  radius  would  be  ^n)ro«lmately  1,530 

feet. 

Castle  Shot  3  was  a  110  kt  device  with  a  13.8  foot  height  of  burst.  The  portion  of  the  isluid 
in  which  the  crater  was  formed  had  a  steep  slope  into  the  lagoon.  The  crater  radius  on  the  is¬ 
land  side  rMged  from  360  to  410  feet.  The  radius  on  the  lagoon  side  was  in  excess  of  800  feet 
and  indicated  a  possible  venting  of  cratering  energy  in  this  direction.  An  average  radios  of 
480  feet  does  not  seem  improbid>le.  The  crater  had  a  broken  and  irr^^lar  Up  with  an  average 
height  of  10  feet  on  the  Island  side  indicating  that  the  crater  was  not  completely  washed  from  the 
wave  action  generated  by  the  em>losi<m.  Since  it  is  assumed  that  complete  washing  did  not  take 
place,  a  washing  and  saturation  factor  of  only  1.8  instead  of  2  should  be  used.  The  ROB  factor 
in  this  case  would  be  1/0.84.  The  adjusted  radius  would  then  be  approximately  300  feet. 

Shot  Lacrosse  was  a  39.5  kt  device  with  a  height  of  burst  of  17  feet.  The  radius  was  202  feet. 
This  crater  was  completely  land  locked  and  was  not  cmtsidered  washed.  The  soil  in  this  area 
consisted  of  some  cemented  sand  and  coral.  Since  it  was  more  cohesive  tto  MTS  soil,  it  should 
have  exhibited  greater  compressive  strength.  Tlierefore,  a  soil  strength  factor  of  1/0.9  is  used. 
Since  the  soil  was  fully  saturated,  at  high  tide  the  water  covered  ground  sero,  a  saturation  factor 
of  1.5  is  used.  The  factor  Is  1/0.7  and  the  adjusted  radius  would  be  approxinwtely  215  feet. 
If  a  saturation  factor  of  1.4  instead  of  1.5  is  used  as  suggested  in  WT-1307  the  adjusted  radius 
is  230  feet.  Both  values  are  plotted  in  Figure  3. 

The  Shot  Seminole  device  is  discussed  later  with  reference  to  the  Shot  Koa  crater.  The 
Seminole  radius  due  to  its  protected  position  and  lip  condition  should  be  increased  by  about  20 
percent  in  order  to  be  fully  washed.  A  saturatimi-washlitg  factor  of  two  can  then  be  used.  Due 
to  the  water  tamping  and  near- surface  placement  this  shot  was  considered  to  be  a  surface  burst 
and  an  HOB  factor  was  not  needed.  An  energy  containment  factor  of  30  percent  for  the  water 
tank  emplacement  was  found  by  comparing  the  adjusted  radius  of  198  feet  to  that  from  a  surface 
burst,  or  152  feet.  The  adjusted  radius  for  the  13.5  kt  Seminole  device  would  be  152  feet. 

The  straight  line  in  Figure  3  was  drawn  using  the  intercept  given  in  TM  23-200  of  84  feet  and 
one  third  slope.  The  plotted  points  represent  EPG  data  adjusted  to  surface  detonations  in  dry 
soil  as  given  above.  Table  1  gives  adjusted  and  unadjusted  crater  radii  for  EPG  shots  includ¬ 
ing  Shots  Cactus  and  Koa. 

SHOT  PARTICIPATION 

Shots  KOa,  Cactus,  and  Pig,  the  only  land-surface  shots  of  Operation  Hardtack,  constituted 

the  primary  parti^patten  of  this  pr^eet.  Limited  participation  was  carried  out  on  barge  stats 
Lintan,  Ota,  ToHowwood,  Bettemat,  and  Holly. 


oi  »♦  I «  idM  (dbiV  mt  iwMt 

I'igufe  3  Ad}u8fed  eratef  radius  vs^sds  yield. 


DATA  REQUmBMSNTB 


Data  roqulnementfi  CDmtBtBd  of  (1)  preshot  and  poatahot  aerial  phatt^gisHplfaB  jnnnrided  %  Bro- 
grom  9;  (2)  topographic  aurvejta,  provided  by  Hoimee  and^Norver;  (3)  iothometBr  .eoundtigs  JOi 
undermtter  craters,  provided  by  Rohnes  andlforver;  and  (4)  tnisoBiianeouB  infommttDn,  such 
as  devlce-<shleldtng  configuration  and  drilling  logs,  figure  4  is  a  shetch  of  Bntwatok  ’Atol!]. 
'Ohowtogolnt  locations. 

Aerial  J>hotography.  BreshOt  and  postshot  aerial  photographs  were  taken  of  :9h0t6  ^Cactus, 
*«»,  Pig,  and'Rutmeg.  An  RB-SQE  aircraft,  equipped  with  a  ^gyrostobiltoed  T-11  camera  with 
6-inch  focal  length,  was  used  to  make  the  mapping  runs.  The  intervalometer  was  set  for  .a  for¬ 
ward  overlap  of  17  to  92  percent.  vCalibration  certificates  are  on  file  at  liogineer  StesearCh  and 
Development  Laboratories  (.IflSACRDL)  lor  all  T-11  cameras,  precluding  the  neceasity  si 
calibration  runs .  A  predetermined  altitude  was  -maintained  .by  a  radio  altimeter,  BCR  739.  'Thte 
tRBtzument  can  indicate  altitudes  between  290  and  60^900  feet  with  otn  accuracy  of  tt  2S  ieet  sver 
smooth  terrain. 

The  film  was  developed  at  to  insure  proper  covexsoge  Of  ihe  tai^t  and  4hen«»nt  ha  Boitt 
Belvoir  for  photogrammetr ic  aiadysis.  The  accuracy  of  the  sterepgr^ic  data  was  Jimtted 

TABLE  1  ORATEB  RADIUS  DATA 


-Shat 

Yield 

Crater  Radius 

Adjusted 
Crater  Radius 

Ivy  Mike 

10.5  Mt 

2, -810 

Castle  1 

14.5  Mt 

3,000 

Castle  3 

llOkt 

500 

300 

Lacrosse 

39.5  kt 

202 

215 

'Seminole 

13.5  kt 

330 

152 

Cactus 

17  kt 

no 

133 

-Koa 

1.38  Mt 

2,000 

770 

Fig 

21.5  tons 

18 

15.6 

the  deviation  of  the  altimeter  reading  from  the  true  value,  since  the  error  of  the  equipment  was 
nogl^bte  by  comparison. 

T<yogr4>hic  ~8urvey.  A  preshot  and  postshot  horizontal  and  vertical  survey  of  ground  zero 
was  made  for'Shots  Cactus,  iCoa  and  Fig.  These  measurements  were  made  by  transit  on  land 
and  by  lead-line  soundings  underwater.  The  craters  of  -Shots  Cactus  and  iCoa  were  large  enough 
so  that  random  measurements  would  not  have  sufficiently  described  the  crater  profile,  lileas- 
ursments,  therefore,  were  made  aloin;  6  radii  which  were  approximately  60  degrees  apart,  ex¬ 
tending  from  ground  zero  out  to  SOO  feet  for -Shot  Cactus  and  from  ground  zero  to  2,600  feet  for 
-Shot-Kba. 

Zero  elevations  on  all  surveys  have  been  taken  as  the  datum  plane  on  which  tide  tables  are 
based:  0.5  feet  below  mean  tow-water  spring  tide. 

The  vertical  and  horizontal  controls  were  of  a  third  order  triangulation  and  ordinary  leveling. 

Detailed  crater  measurements  of  -Shots  Cactus  and  ICoa  could  not  be  made  until  radiation 
levels  Were  low  enough  to  permit  the  safe  re-entry  of  survey  crews.  A  depth  sounding  from 
helicopters,  therefore,  was  planned  for  the  Rhot  Cactus  crater  on  shot  day  before  crater  changes 
due  to  later  washing  could  take  place.  A  practice  sounding  was  made  on  a  similar  crater,  Shot 
Lacrosse,  and  the  depth  at  ground  zero  was  found  to  have  changed  only  4  feet  In  2  years.  The 
sazly  sowMltag  was,  theiwfore,  delayed  until  radiation  levels  had  decayed  to  about  1  r/hr. 

'Mwe  ttieikMiD9a  oNtter'was  MqpMMd  to  hreadh’to  opm'wator  onHiveewlties,  Itwas  telt 
that  an  early  d^pthwoundtag  was  alsoifeeessary.  ThtswoundtngwasTnade  froma'lmat  sn  t)r4 
since  a  boat  can  enter  a  breached  crater  earlier  than  a  helicopter,  due  to  lower  radiation  levels 


16 


ggear  tke  voter  sor&ce.  One  to  roofl^  voter  and  the  difficoll^  of  locating  ground  aero  the  depth 
VOS  ■eawii'nd  an|f  135  feet  as  compared  to  the  later  more  detailed  soondings  of  170  feet. 

OcptesBioo  amnn'tmfidi  of  dm  ground  sur&ce  were  made  hp  preshot  and  postahot  surrejrs 
off  heavy  concrete  pipe  pads  used  Frofjects  1.7  and  1.8.  Figures  5  and  6  show  the  types  of 


F!iivre4  BatotAafe l<vesaii ststimis. 

4mn(n«teptds«wedttQrBivi}«cA  IRk  171  sta^ttaii  paste  mttsiidadfnmtlRtpooHdsaidaoe  to 

aitqdhef't'feet.  ’TlKpalteofBp<i}ectl;8sic^»ittedto«steptli«f  Ifsste. 


FathBOiBter  Burv^.  BalKWi  aadTlarww  -Cimipa'iiy,  as  part  of  their  aanaal  operatjans, 
coHdncWd  iaMwwiBtw  svrvgys  at  all  harge  shats  to  lave  an  owsteraatter  crater.  Biots 

fnmivMiic4i«iwter  dateviwieavailaMe  vwreBiet8l4ifdea,  -Oak,  TMloovood,  Bsttemk,  and 


Figure  7  Shot  Koa  device  placement. 
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located.  The  outer  tank  was  tilled  with  water.  The  volume  of  water  surrounding  the  device 
was  about  1.5  x  lo^  ft*,  corresponding  to  a  mass  of  9.6  x  lo*  pounds. 

Results  of  drilling  logs  for  Sites  Yvonne,  Helen  and  Irene  are  shown  In  Tables  2,  3,  4,  and 
5.  These  logs  were  the  best  available  infornution  of  the  nature  of  the  soil  conditions  in  which 


TABLE  2  SITE  YVONNE  DRILLING  LOG,  STATION  181.03 

Coordinates!  North,  108,618.17;  East,  124,611.56. _ 

Depth,  ft  Description 


1  to  8  Soft  sand. 

8  to  16  Hard  oemented  sand. 

16  to  23  Soft  cemented  coarse  sand  with  hard  layers. 

23  to  32  Soft  cemented  sands  with  shells. 

32  to  45  Soft  cemented  sands  with  shells  and  hard  layers. 


45  to  50  Hard  cemented  sands  with  shells. 

SO  to  58  Hard  oemented  sands  with  shells. 

58  to  62  Soft  oemented  sands  with  hard  layers. 

62  to  72  Soft  oemented  sands  and  shells. 

72  to  108  Soft  oemented  sands  and  shells  with  hard  l^rers. 


the  Cactus  and  Kba  craters  were  produced.  Additional  infornoation  on  soils  in  the  EPG  area 
can  be  found  in  References  1  and  4.  Seismic  measurements  were  made  on  Sites  Yvonne  and 
Irene  by  Project  1.6  and  are  discussed  in  Reference  9. 

RESULTS 

Data  presented  in  this  report  are  divided  into  crater  dimensions  from  land  shots,  Table  6; 
crater  dimensions  from  barge  shots.  Tables  7  and  8;  lip  dimensions.  Table  9;  and  ground  de¬ 
pression  measurements,  Table  10. 

DOCUSSKM 

The  influence  of  soil  characteristics  and  wave  action  on  crater  dimensions  has  been  developed 
and  discussed  in  the  background  and  theory  section.  The  following  discussion  points  out  their 


TABLE  3  SITE  HELEN  DRILLING  LOG,  STATION  180.01 
Coordinates:  North,  149,360.00;  East,  73,120.00 _ 


D^ith,  ft 

Description 

1  to  10 

Sand. 

10  to  20 

Cemented  soft  sand. 

20  to  SO 

Cemented  nibble,  medium  hard. 

30  to  SO 

CenMnted  rubble,  soft. 

50  to  70 

Cemented  rubble  and  shells. 

70  to  SO 

Cemented  shells,  soft. 

80  to  108 

Cemented  rubble,  soft. 

apparent  effect  on  the  craters  measured  during  this  operation  and  through  adjustments  compares 
the  results  with  the  curves  given  in  TM  23-200.  Scaled  dimensions  listed  in  this  report,  unless 
otherwise  qtecified,  are  scaled  to  1  kt  of  nuclear  yield. 

CwRar  Mnaslow.  MwtChelus.  The  Ochis  device  was  dsnwted  on  the  nwthwest  end  of 
RRe  Tvb— e  asar  ttie  tlwt  Lacrosse  crater  and  llhe  iMrosse  was  consMsrsd  to  be  aa  uawnhed 
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TABLE  8  COMPARISON  OF  BARGE  SHOT  CRATERS  WITH  TM  23-200 


Shot 

Actual 

Radius 

TM  23-200 
Radius 

Actual 

Depth 

TM  23-200 
Depth 

Percent 
Deviation 
of  Radius 

Percent 
Deviation 
of  Depth 

ft 

ft 

ft 

ft 

Linden 

220 

165 

28 

12 

S3 

134 

Oak 

2,200 

1,900 

183 

190 

16 

-3.6 

Yellowwood 

960 

576 

58 

38 

67 

52 

Butternut 

600 

235 

24 

11 

155 

117 

Holly 

180 

105 

10 

6 

43 

67 

TABLE  9  CRATER  LIPS 
All  dimensions  are  in  feet. 


Parameter 

Koa 

Cactus 

Fig 

Lip  Hei^t 

0 

8  to  14 

2  to  4 

Lip  Width 

0 

115  to  170 

20  to  30 

TABLE  10  SURFACE  DEPRESSIONS 


Station 

Shot 

Coordinates 

North  East 

Distance  from 
Ground  Zero 

Depression 

ft 

ft 

181.01 

Cactus 

105,982.12 

124,347.85 

410 

Nothing  found 

170.05 

105,938.88 

124,402.25 

470 

Nothing  found 

170.06 

105,880.99 

124,444.07 

540 

Nothing  found 

170.07B 

105,795.39 

124,368.15 

595 

Nothii^  found 

170.06 

105,793.28 

124,492.96 

640 

Nothing  found 

171.04 

105,799.17 

124,504.32 

640 

Nothing  found 

181.02 

105,782.28 

124,492.65 

650 

Nothing  found 

174.11 

105,684.74 

124,587.58 

780 

Nothing  found 

181.03 

105,618.17 

124,611.56 

850 

0.06 

171.06 

105,523.46 

124,708.82 

980 

0.09 

174.17 

105,340.22 

124,773.79 

1,171 

Nothing  found 

170.01 

Koa 

149,089.49 

72,646.21 

1,550 

Nothing  found 

180.01 

149,360.00 

73,120.00 

2,000 

Nothing  found 

170.02 

149,391.28 

73,519.79 

2,400 

Nothing  found 

170.03 

149,545.85 

74,082.19 

2,968 

Nothing  found 

180.02 

149,490.45 

74,243.18 

3,131 

0.38 

170.04 

149,466.82 

74,352.23 

3,234 

2.0 

180.03 

150,313.31 

74,963.74 

3,950 

-0.35 

175.01 

150,599.91 

74,873.86 

3,953 

Nothing  found 

176.02 

150,442.48 

75,456.95 

4,470 

Nothing  found 

174.05 

150,559.08 

75,434.93 

4,478 

Nothing  found 

175.02 

150,559.08 

75,434.93 

4,478 

Nothing  found 

174.08 

150,085.54 

76,587.11 

5,515 

Nothing  found 

1131 

Cactus 

Cement  suK>orts  of 

306.7 

0.26 

pipeline  from  ground 

336.6 

0.18 

aero  to  Station  1131 

366.6 

0.72 

396.6 

0.46 

431.2 

1.05 

447.3 

1.75 

467.5 

1.19 

tl 
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crater.  It  is  felt  that  the  water  waves  generated  by  the  shot  were  insignificant  since  the  water 
over  the  reef  was  only  a  few  feet  deep.  Photographs  show  that  the  Cactus  crater  was  filled  with 
water  but  essentially  unwashed.  Preshot  and  postshot  photographs  are  shown  in  Figures  9,  10, 

11,  and  12. 

The  measured  crater  radius  of  170  feet  and  depth  of  34.5  feet  were  obtained  from  photogram- 
metric  measurements.  Figure  13,  and  from  lead-line  soundings.  The  profile.  Figure  15,  was 
plotted  from  preshot  and  postshot  survey  data  and  lead-line  soundings  along  6  radii.  Figure  14. 
The  photogrammetric  measurements  were  made  from  aerial  photographs. 

To  compare  these  crater  dimensions  with  those  from  the  dry  soil  curves  of  TM  23-200,  it 
was  necessary  io  obtain  factors  for  adjusting  the  Shot  Cactus  dimensions.  This  can  be  done 
by  comparing  Shot  Cactus  and  NTS  environments  (soil  strength  and  moisture  condition). 

The  soil  at  Site  Yvonne  is  interspersed  with  layers  of  hard  and  soft  cemented  sand,  coral, 
and  shells,  and  is  considered  to  be  more  cohesive  than  the  NTS  soil.  Teste  conducted  under 
Project  1.8  indicated  that  cementation  at  Site  Yvonne  was  much  more  complete  than  at  Site  Irene 
and,  therefore,  less  crushing  would  be  e]Q>ected  at  high  stress  levels.  Drilling  logs  were  made 
from  holes  drilled  400  feet  southeast  of  ground  zero;  results  are  presented  in  Table  2. 

In  order  to  adjust  the  crater  radius  for  soil  strength,  an  F2  factor  value  of  0.9  is  arbitrarily 
assumed  because,  as  stated  above,  the  Site  Yvonne  soil  is  more  cohesive  than  NTS  soil,  upon 
which  the  dry  soil  curve  was  based,  but  not  as  hard  as  granite  (for  which  a  factor  of  0.8  is  given). 

Soil  moisture  conditions,  although  slightly  different  from  those  existing  at  the  Shot  Lacrosse 
site,  are  assumed  to  be  fully  saturated  for  the  purpose  of  these  calculations,  and  a  saturation 
factor  of  1.5  is  used.  The  adjusted  scaled  crater  radius  is  48.3  feet.  The  radius  given  tn  TM 
23-200  for  the  same  crater  under  NTS  conditions  is  60  feet.  H  Shot  Cactus  height  of  burst  were 
adjusted  to  a  surface  burst  by  using  an  HOB  factor,  the  corrected  radius  would  be  51.5  feet  to 
64  ieet  given  in  the  TM  or  a  difference  of  approximately  24  percent.  This  percentage  is  well 
within  the  accuracy  of  the  basic  TM  curve.  It  is  probable,  however,  that  a  factor  of  1.4  instead 
of  1.5  should  have  been  used  as  the  saturation  factor  since  the  top  few  feet  of  the  soil  around 
ground  zero  was  above  the  water  table  and  was  essentially  in  a  dry  state.  If  this  were  the  case, 
then  the  scaled  adjusted  radius  would  have  been  59  feet  giving  a  difference  of  only  10  percent  of 
the  listed  value  of  64  feet.  Both  values  are  plotted  in  Figure  3. 

The  adjusted  crater  depth  was  more  a  matter  of  conjecture  but  it  was  felt  that  the  underlying 
formations,  acting  as  Interfaces,  decreased  the  depth  considerably.  The  relative  flatness  of 
the  crater  bottom  and  the  steep  sides  tended  to  support  this  theory.  Similar  craters  were  formed 
from  high-explosive  detonations  in  soils  havii^  cement  interfaces  at  various  depths.  Reference 
8.  The  Cactus  crater  depth  was  predicted  by  using  data  from  Shot  Lacrosse  which  had  a  depth 
of  only  44  feet.  The  drilling  log  also  shows  a  hard  cemented  interface  at  approximately  this 
depth.  The  depth  of  a  crater  in  saturated  soil  would  normally  be  predicted  as  1.5  times  the 
value  in  dry  sand,  as  taken  from  TM  23-200. 

Crater  Dimensions,  Shot  Koa.  The  Shot  Koa  device  was  detonated  inside  a  SO-foot-diameter 
water  tank  on  the  west  end  of  Site  Gene  at  the  edge  of  the  Ivy  Mike  crater.  A  preshot  photograph 
with  a  line  indicating  the  crater  edge  is  shown  in  Figure  16.  A  postshot  picture  of  the  crater 
edge  is  shown  in  Figure  17.  Station  360.01  can  be  identified  in  both  photographs. 

Preshot  and  postshot  survey  radii  are  shown  in  Figure  18.  The  postshot  radii  are  displaced 
from  the  preshot  by  a  distance  of  208  feet,  making  it  difficult  to  relate  the  preshot  overburden 
to  the  postshot  crater.  To  better  define  the  crater  the  lead-line  soundings  along  the  postshot 
radii  have  been  shifted  208  feet  to  correspond  with  preshot  data  and  plotted  as  profiles.  Figures 
19,  20,  and  21.  This  procedure  Introduces  some  error,  particularly  insofar  as  depth  measure¬ 
ments  are  concerned;  however,  the  error  is  slight  and  no  reasonable  basis  for  correction  exists. 
Radii  1  and  4  pass  through  ground  zero  and  show  the  true  measured  crater  depth. 

A  crater  radtas  of  1,825  feet  was  given  in  the  TTR  and  was  found  by  BBeasurlag  the  distance 
fron  ground  aero  to  Station  260.01,  which  was  within  5  feet  of  the  crater  edge.  A  aMre  accurate 
nMusureanent  of  the  crater  profiles  would  give  a  radius  of  slightly  in  excess  of  2,000  feet. 
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Figure  S  Shot  Cactus  preshot  aerial  photograph. 


Fif«r«  10  Ohot  Cactna  prealwC  plwtograph. 
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Figure  18  Shot  Koa  survey  radii. 
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Figure  19  Shot  Koa  crater  profile,  Radii  1  and  4. 
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Crater  depth  as  shown  in  the  profile  is  171  feet,  Figure  19.  It  should  be  pointed  out  that  the 
data  is  taken  from  lead-line  soimdlngs  since  fathometer  surveys  of  this  crater  4  days  after  shot 
time  indicated  a  depth  of  only  81  feet.  The  difference  between  lead-line  and  fathometer  surveys 
was  presumably  due  to  a  suspension  of  mud  and  silt  in  the  crater. 

The  scaled  crater  radius  of  179  feet  for  an  actual  radius  of  2,000  feet,  or  at  the  most  con¬ 
servative  estimate,  164  feet  for  a  radius  of  1,825  feet,  is  the  largest  measured  scaled  radius 
from  a  land  surface  shot.  Using  a  washing  factor  of  two  and  considering  Shot  Koa  to  be  a  nor¬ 
mal  surface  burst  the  scaled  radius  value  calculated  from  TM  23-200  would  have  been  only  128 
feet  or  a  factor  of  30  to  40  percent  lower  than  the  actual  value.  The  scaled  crater  depth  of 
Shot  Koa  was  28.5  feet.  The  scaled  depth  value  obtained  using  the  TM  dry  soil  curves  and  a 
washing  factor  of  0.7  was  only  14  feet. 

Soil  information  obtained  at  Sites  Gene  and  Helen,  indicated  soft  sand  with  fractured  under¬ 
lying  lens  of  cemented  sand.  The  fractured  condition  may  be  partly  due  to  the  shattering  effect 
of  the  nearby  Ivy  Mike  and  Operation  Redwing  Shot  Seminole  shots.  During  past  operations  large, 
waterfilled  voids  were  found  in  the  soil  underlying  Sites  Gene  and  Helen.  Two  such  cavities 
vented  to  the  surface  close  to  the  crater  and  can  be  seen  in  Figure  17.  Available  information 
indicated  that  the  soil  condition  in  the  Shot  Koa  area  had  somewhat  less  strength  than  that  at  Site 
Yvonne  and  was  probably  more  fractured  than  NTS  soil. 

This  fractured  condition  may  have  accounted  partly  for  the  large  crater  size  of  Shot  Koa,  and 
some  thought  might  be  given  to  introducing  a  fracture  factor,  similar  to  the  strength  factor  used 
in  ttie  Shot  Cactus  correlation.  However,  since  no  data  exists  to  show  the  difference  in  crater 
size  that  could  be  ezpected  from  fractured  soil,  such  a  factor  is  not  used. 

The  only  apparent  unique  feature  of  Shot  Kba  was  the  water  tank  in  which  the  device  was 
detonated.  Figure  7.  It  was  desirable  to  determine  if  there  were  any  data  which  might  indicate 
that  the  water  tank  produced  any  unexpected  effects.  Fireball  photognq>hy  showed  a  somewhat 
a:s|iherical  shape  as  late  as  2.S  msec  after  the  detonation,  corresponding  to  a  fireball  radius  of 
150  meters.  The  time  to  ndnlmnm,  as  Indicated  by  the  bhangmeters,  was  about  35  percent 
lower  than  would  have  been  cspected  on  the  basis  of  the  fireball  yield  determination. 

Since  no  cMwr  unusual  condiUans  were  evident  as  contrUwAing  to  the  large  crater  size,  it 
was  concbaded  that  an  increased  coupling  of  enei^  into  the  ground  was  brought  about  1^  the 
water  tank  sorrounding  the  Shot  Koa  device.  The  water  tank  had,  therefore,  affected  the  early 
fireball  or  shock  tnoupoit  Mstory  of  iQie  nuclear  detonation  from  its  normal  pattern  of  an  air- 
gronnd  interface  shot.  This  may  have  been  due  to  Hie  fact  that  in  an  air-ground  intertoce  deto¬ 
nation  there  is  a  tresaendows  difference  in  density  between  air  and  ground.  The  fireball  had  en¬ 
compassed  a  lai^  area  of  the  ground  surface  but  had  gone  only  a  short  distance  into  the  ground 
by  the  time  of  hydrodynamic  separathm.  When  the  device  is  enclosed  in  a  water  tank  there  is 
less  deference  in  density  between  the  water-ground  inteiface,  permitting  the  energy  to  be  trans¬ 
ported  more  nearly  equally  in  all  dhrections  until  dte  water-air  interface  is  reached.  The  effects 
of  die  fireball  history  are  aaore  meanh^lful  if  it  is  realized  toat  for  a  nuclear  detonation  at  an  air- 
ground  toterface  less  than  1  percent  of  die  total  yield  contributes  to  die  formation  of  the  crater. 

A  r^attvely  small  hdluence  on  the  overaU  energy  partition  could  have  a  large  effect  on  die  crater 
formation  mechanism. 

Since  shndar  effects  were  realized  hy  the  presence  of  a  water  taidc  surroundUig  the  Shot 
Semtnole  device,  it  was  desirhble  to  make  a  comparison  of  the  effects  of  the  energy  bondh^  or 
taapiiig  effect  on  both  shots.  The  Shot  Seminble  device  was  detonated  in  a  50-foat  water  tank 
with  the  least  dimension  of  water  to  outside  air  behig  10  feet.  The  volume  of  water  surroimdhig 
the  device  minus  the  volume  of  the  hmer  air  taidcs  was  4.63  x  lO*  tt\  The  least  dimension  of 
water  to  outside  air  for  Shot  Koa  was  approxinutoly  11  feet  and  the  vtdume  of  water  mimis  the 
air  tank  was  1.5  x  lO*  With  these  values  scaled  to  1  kt,  the  least  distance  of  water  for  Shot 
Seminole  versos  Shot  Koa  is  4.2  versus  0.99  feet  and  the  scaled  v<dmne  is  3.43  x  lo*  versos 
^MUK  The  scided  raihn  9er  Shetlmninato  when  jnereamd  bp  *  parcwit  for  waahhit  is  196 
feet  wersos  die  stoded  waiae  «C  ITS  feet  ter  Ihet  Koa. 

¥i«m  a  congNoteon  ef  die  hbove  watees  with  Til  n-We  it  «an  be  asauMied  that  the  weter  has 
actedasatanqrtngde^dcetohicreasethe  cawplfng  of  energy  to  the  soil.  It  woudd  efpear  that 
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the  increase  in  scaled  water  dimensions  for  Shot  Seminole  over  Shot  Koa,  a  ratio  of  4  to  1  for 
a  linear  distance  and  300  to  1  for  volume,  has  not  increased  the  scaled  crater  size.  Scalewise, 
Shot  Xda  is  larger  than  Shot  Seminole.  Until  further  data  is  available  it  can  be  assumed  that 
tlie  scaled  water  dimensions  for  Shot  Koa  are  sufficient  for  maximum  partitioning  of  energy  into 
the  ground. 

U  th^  factor  for  energy  containment  or  bonding  is  desirable,  then  a  comparison  of  Shot  Semi¬ 
nole’s  scaled  washed  crater,  adjusted  to  168  feet,  as  con^Mtred  to  a  washed  crater  of  128  feet 
from  TM  23-200,  would  give  an  increase  in  crater  size  of  approximately  30  percent. 

Previous  tests  conducted  with  high  explosives.  Reference  10,  show  that  the  crater  size  can 
be  increased  by  slightly  tamping  an  explosive  that  would  have  otherwise  vented  to  (^en  air.  The 
addition  of  more  tanqiing  had  no  effect.  The  cratering  efficiency  also  increased  more,  percent¬ 
age-wise,  with  a  tamping  or  containment  of  a  higher  energy-density  explosive,  C-4,  than  a  lower 
one,  amanoniam  dynamite.  The  Increase  in  crater  radius  of  a  tamped  charge  of  C-4  to  an  un¬ 


tamped  was  15  percent,  while  the  increase  in  radius  of  tamped  to  witaaq>ed  ammonium  dynamite 
was  only  10  percent. 

R  is  felt,  therefore,  that  a  containment  factor  of  approximately  1.3  or  30  percent  could  be 
used  for  low-yield  nuclear  devices  with  possibly  a  slight  increase  in  the  factor  for  larger  yields. 

Crater  Dimensions,  Shot  Fig.  The  crater  formed  by  the  Shot  Pig  device  is  of  qtecial  interest 
in  that  it  gives  an  indication  of  the  accuracy  of  present  cratering  curves  when  extrapolated  to  the 
subktloton  range.  There  has  been  in  the  past  some  speculation  of  a  possible  Increase  in  the  cra¬ 
tering  eKlciency  fractional  kiloton  yields  as  compared  to  larger  nuclear  yield. 

Shot  Fig  differed  from  other  BPG  shots  in  that  it  had  a  specially  pr^piu-ed  test  pad.  A  conical 
section,  30  feet  in  diameter  and  8  feet  deep,  was  filled  with  dry  sand  tranm>orted  from  the  NTS 
for  radiation  studies.  A  layer  of  NTS  soil  was  also  placed  over  the  EPG  surface  and  extended 
a  distance  of  30  feet  outside  the  excavation.  The  layer  was  S-lnches  thick  at  the  edge  of  the  ex¬ 
cavation  and  taiiq>ed  to  a  3-lnch  thickness.  However,  by  shot  time  this  sand  was  saturated, 
hi  comparing  the  data  with  TM  23-200,  a  saturation  factor  of  1.5  is  used.  Figure  22  shows  a 
profile  of  the  crater. 

The  yield  of  the  Shot  Fig  device  was  21.5  tons  and  the  height  ot  burst  was  1  foot.  The  crater 
radius  was  18  feet  before  slides  and  the  d^ith  was  9.7  feet,  hi  comparing  these  crater  dtmen- 
Hsiis  wWi  Wwit  scaled  tWBtimtlrysoU -carve  InTM  1>»100,  a  ssjurattontaeuw  of  1.5  for  both 
rwttasaaddipllitsimed.  €«be  root  sealtacld'dM^ltomNHas  mid  fearth  root  seaUng  for  dsikh. 
The  dtmenslons  are  calculated  to  be  19.5  feet  for  the  radius  and  9.8  feet  for  the  depth.  T%is 
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means  a  deviation  of  only  8  percent  between  meaeur etLand .  caleutated  crater  jatHus. .  If  it  ia:de- 
-sired  t04K4uBtthe'crater~radiuB  to  a  1  kt.earfaceJjttrat  ln:dry  aoU  ior  eaa4»tdaon'«tlthatter 
craters,  ^tiien  by  reduoing'thejcUmenaton  by  aiaetor  of  1  .S  ior-jatttrattoitauutineraaaing  itiquin 
SOBiactor  of  1..3,  theaw^irted  acaied  radiue-atonld  bySB.&^eet.  I  Bvea  tfaongh  it  taaiotatoiBable 
to-draw  Bonclttatona-igom.eneiahot,  ntteiBhof  Fig^ciader  dimenaienaaHrB-  iiweaeattent  agraainrnt 
witbthese  acate(HEom:'niI-23«200. ~'Xfaia  etese-agreement,  indicattngrthaxfaaaicacciiracy-  cfidhe 
eatrapolatedJcnrves,::anay  be^mrtlyLaccoimtedior-adienienB  'nenmartieraatfaafethgTliiJcnritcttare 
-baaed-pEtmarily  onjdatarfromiiit^aBiqiloatveaamd  tewa<yteMnmieifiar-^deytees.  ~  f*n>m:tfaisatend- 
point  if ttiere-~are3my  deidattona  in  actualxCTterjteBenatenaamcbttosH  calnirtatettfBommM-aa-i^OO 
they  vould-probobly  be  for  theiMidiei'  yield  devices. 


-flraterafrDmaBargef3faots.~*EhenindBiaBater~ciaters  otiflfaots  tdiaien,  .ifiak,  -IteBaenrood, 
Bottemut, -land  Holly  wergmeaauredAiringjflperatioavJfapdtackf^caaBans  of  a  fathaiiieter. 
Thesexrateraaeaaurements  constttutetheuina|orlty  ofaiataavattablerfBDiiuiioettear-datonatiiBns 


onJaarges.  Avem^edncraterxlimenatansiand  other  pertii«ntfnfoi»iiiaiiion.ancb-aeaBBderide|>th, 
-aaaneBBnredfrom tlie '  aatur^jancface  to th&fagocm  bottom  (h)^andrtheair>hetght  a£fitKst,ias 
meaaarechfram  the  center  of  gravity  of  the  device  tafhea>Mter-Biiiifacea(H),--are  gt*eeina!i*le 
7.'  Figurea  22fte<iugh-32  ahowawter  zero  iocattoaiand~ei!!ater~pro<iles.~  JUtditrhave‘beett~dBawn 
fhrongttthe  aero  location  anCtfhe  crateriirofitea  deteianiiiedfaomAilBta  .■iongdhe jays. 

Catcutation  ofxraterattBtenatans  forJiargegt»ta.iiatng^M^a3<i300.can;anly  benade  for^aur- 
faceTshots  (i.  e. ,  ahota^rhose  centers  ot  gravllyare  atthemmface  Oftheanter).  It  iaictesirable 
^4faat  a  compariaon  beanade  betweeff^heatenenaionB  ofrthe'caateraomuDred  abthe3aP6"«tth 
those-caloulated-from  the^M.~'Tfais  eoapartaoiUaa'iieenaiBade  idJBable  S.'^^Ehe'TMsaahies 
liatedrare those  adth-aand-aathe^ratering^edtBxn.  0^the  ftve'cvatars, TonljrtlniBhDiifiak 
4ttmonstons  eoaapared  favorably. "The'TM-aalneB  for  radius  obtabiedforittiota  LliKlen,  -Yettow- 
wood,  Bottemut,  and  Holly  viould-have  to  be  inenaaed  by-33,~67,  f5 5,- wid  43 percent,  reapec- 
tively,  before  they  could  equal  the  actual-sahies.~~TM-vaitteaforBBpthforrtliese-xmater8eKnld 
have  to  be  iiKraaaed  by  134,^2,  117,  and  67  percent,  ieepoctively.~"Tbese^BatnttenBcreiem- 
pteataedchen  it  is  aeaUsedttiarthe  BP6  etets  cere  not  •onnfacsaMrataibat^amged  in  a  scaled 
bafght  o<4»rst  to  7  feet  abovefhe^cater  ausface.  Becreesingthetwlght  to  aanafacaubcBctcIwald 
increaaothe'crater  radius  eonstdentoly,  tlwreby  increaalngfhetlBetattons.  Cmderttqpth  is  a 
more-difficult-paacaneter  to  eoa^mre  since  it  is  more  senattive  tcrthcrtype  ofoedtinn  cratered. 
For‘emnple,'~^M  23-200  indteatedfatat  radius  calues  for  evaters  fonned  inioess  or  clay  could 
fCBsain  the  same  as  those  tn-eand,  butthe  dspUiBhnmiaton  could  befncveased  by  afsetor  of  1.7 
to  2.3.  Attboogh  applicatton  of  a  niedtam  correction  factorntgldaltDc  a  doaer-agi eainent  for 
depth  It-caa  not  used  since  iiifonnationidmuttlM'iiiadia  orthe  change  ofnadla  cithidaptharas 


not  availnbie. 

Since  only  acasaU  aacnint  of  tnfonnation  caa  available  on  craters  from  nuclear-barge  shots 
it  cas  considered  deaintole  to  consult  prevtoua  -high  eiq>loBtve  testa  In  abaUow  cater.  Atthough 
any  attempt  to  scale  mnall  yield  high  eaptoatvea  to  nuclear  yields  by  eonventlonatrcMtbods  could 
Tosutt  in  errors  it  cas  felt  that  by  comparing  btgh-eiqdoslve  craters  clthbt^*i«aploBlve  craters 
an  indication  at  the  media  response  to  shock  in  nhallow  cater  might  be  obtained.  Any  ooneiustons 
reached  through  dtese  testa  might  also  be  applicable  to  nuclear  data.  "The  icport  Itated  as  Ref¬ 
erence  11  shoes  chat  effect  charge  posttlon  and  cater  depth  have  on  htgli  laiqploBtve  undefcater 
craters.  This  report  also  offers  a  sMthod  for  scaUng  crater  data  to  the  nuclear  range.  Because 
this  method  is  not  applleable  for  above-eater  surface  shots,  caleutattons  cere  made  by  assuraing 
the  SPG  barge  shots  to  be  surface  bursts.  These  crater  radius  values  are  plotted  in  Figure  33 
as  Method  Two.  MMhod  One  is  a  plot  of  TM  23-200  values  for  surface  burst  and  Method  Three 
is  an  •e^ustment  of  the  fiPG  data  to  surface  conditions.  Hiie  method  will  be  discuosod  later. 

Test  data  from  Reference  11  also  Indicate  the  folloclng: 

1.  OiRe  root  wtlt  loru— ter  MunsMiis  is  fairly  necuratefor  ehTgss  leuhted  on  or  be- 
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2.  Ccater  depth  is  more  sensitive  then  crater  radius  to  changes  in  charge  positimu  Crater 
depth  decreases  ra^dfy  as  charge  distance  above  the  mrter-gronnd  interface  is  increased. 

3.  There  is  Uttte  change  in  seated  crater  radius  for  charges  positioned  on  tte  natter  smiace 
having  (hgittB  seated  from  0.088  ft-ib^  to  OJt  ft-lb*^,  wfaieh  is  from  11  to  feet  when  seated 
to  1  kt  of  high  eqptestves. 

Since  crater  radtos  values  ofateined  fay  either  Methods  One  or  Two  are  not  in  agjt  eenwirt  with 
the  data,  it  was  felt  that  a  dtCferent  approach  was  needed.  The  Ictlfanriagagproach,  ptoftnias 
Method Three  in  Ttgnre  33,  was  faaeed  on  the  foUowing  asBumpiiiisfii: 

1.  Crater  ratthm  is  not  aftected  seated  water  depths  between  2  to  M  feet  when  the  eteo^ 
poattfam  isat  the  water  surface. 

2.  Cube  root  scathtg  is  wild  for  crater  radhts  under  the  above  eawdittons. 

3.  ^nie  crater  <itBmiiatuns  of  ciwi  gvB  detonated  idxive  die  water  surface  can  toe  a^asted  to 
thost  fronihstgOM  detowHed  on  the  water  surtece  ushig  the  sane  faetDring  ^^nteni  wsed  for 

The  first  awi  SKond  irsnaaiiii  Iwti  1  are  sunmried  by  data  previoaoj^gteen  from  fteterence  U. 
TSH-M-SOO,  hsaevoi.,  iiwHeates  that  they  are  true  cnly  between  a  scaled  depth  of  1.37  to  8  teet. 

A  ivnniwi  Isuii  of  seated  crater  radii  wttfa^seated  depth  of  water  in  Tidrie  T  shews  no  retattenadi^ 
i—i— M-imui.tii  A^nsii.  :itoSBaBgption  3  SB  sappoTted  by  llw  WFlatian  of 

craterstae  OB  basins  Mtoehrtght  of  baratataovette  hssd  surface  is  toscTBnwd.  Metheettso  of 
stoaefc:  eaergy  dse  to  the  air-wofaer  hderfaee  shondd  be  staiflar  to  that  froai  an  atr-grooad  inter- 
fsce. 

The  oaly  other  narhdde  nsuid  be  teeal asedla  coadittens; 

twBBlawaaas  or  faatts).  bay  aaefa  devtatioaa  would  prohaMy  be  minor  asd  egereutteas  would  be 
dHticatt,  Tie  saijiii  iiiii  isliiiii  in  in  iiUnl  i  i  iih  i  i  iiifbii  nf  thi  TTr  start  ir  hr HrrrTi  rinr  tntiir 
helgfS.  of  barst  dtaove  He  vadersurface.  of  burst  faetars  have  been  dertned  toy  rwpnrinE 

the  ladbiLi  tar  a  abot  at  the  atr-groand  interface  to  thoae  with  HBB  factors  of  3.67,  0.314,  U54, 
2LS4  and  7.2  feet  or  barst  hdi^dsaganl  to  those  of  Mntsldmlen,  IDak,  Ydburwood,  Butteraot, 
aod  MBlI^.  Tbecralerradfiaf  On  load  Msds  ^dnidd  be  increased  fay  faetns  of  1.33,  U>3,  1J4, 
1.M,  and  IJK  to  sposldsise  Croon  a  saeface  barst.  The  radB.  of  j— to  Iiiadwi,  Oak,  TeUowwood, 
Battnrwat,  aad  Molly  won  laeroaaad  fay  those  factors.  Tte  aanMored  aod  sadljaated  vateas  for 
ersder  radtos  hove  hosn  ptatted  tn  Vigore  33.  The  xadtas  Bae,  Mdtfaod  Three,  Ins  been  drown 
— *H«  a  j— Ant  n«i— »»<  rrfM.  <a»nifa.p  Lines  with  Other  ^ioptes  iwdicatiBg 

dbtewBtscalhig  coaid  be  dneon  for  the  ssaae  points,  bnt  as  prevUntsty  aamtioned  »id  until  ether 
tods  is  wmitaUe,  cdbe  rootrscalteg  for  all  Unsar  dtaaentoaas  is  advisaMc. 

^’****»-  **T**‘  **=  **■*«»«*  «*■»—»»  *7  Ti  "  I'  '  •  1— ■i.wT.fcJo  The  curve 

ia  Pigaie  34  has  been  coattiacb.d,  Iberefore,  with  adjustawnt  made  eaty  for  htigbl  of  burst 
above  the  watersuntace.  These  odjimtaii  lO  factors  were  calculated  in  the  sok  nay  as  the  ra- 
dtos  asiag  the  oader  dsplh-MQB  dry-soil-curve  froan  TM  33-300.  The  sdiasted  valaes  then  are 
for  ender  dqdh  vabds  for  water  Sarface  bursts.  A  Use  with  a  one  third  stope  has  been  drawn 
for  toase  pobds.  Ito  atteobpt  bas  been  awde  to  accoant  for  eftects  doe  to  water  depth,  tetead 
of  oae  carve,  however,  it  is  probohlc  that  a  tomily  of  curves  should  be  drawn  for  varioBS  seated 
water  ibpttrs  Craier  depth  valoes  in  sand  tram  TM  23-300  for  water  surface  bursts  faave  ateo 
beeapioHcd  is  Figure  M. 

CtabrUpaadTtrowoat.  Ito  coaBidetition  bus  been  given  m  this  report  to  crater  1^  formed 
tnae  barge  stdts.  Aaty  torawd  by  Obese  enters  have  either  been  destioyed  Bnoagb  wasbbig 
or  are  aot  dearly  defined  by  the  fatboanter  data.  Any  condusions.  therefore,  may  not  be  valid, 
tt  the  three  basl  shots  oaly  two.  Shots  Fig  and  Cactas.  bad  recortoble  Ijps.  Shot  Boa.  Fifwre 
It.  hod  ao  TiBddi  Ifo  aosi  it  is  saunmid  that  fin  nave  prodwred  by  the  shot  washed  away  any  lip 


CfUitf  Otfith  ,  fHt  Crdfir  ftodiu*  ,  ^«<f 


WlSge  94  €nil«r  v«rHS  yMd,  feMfjc  sMls. 

M 

Hotter 


IDIk  lli|r  (]tf  .'Shirit  (TiiifrrtiiHi  (ntnriiwr  tfintw^ltay  am  amS  mnUU&l  nungiiinS  fnam  llil«fte  or  mO 

lijgp  dm  tithp  rmrif  dir  morttlfa  aiHtB  ooS  ititm  (nraUffir  tto  ]p*«ifa»  df  14  iteelt  aim  Hfloe  iimiianiirii  siide.  UtP  wiidOt  Wbb~ 

vmitaBP  xgarifcwfl  ffiniwnn  (B  Itm  TlTilB  ftmrit..  TT.aiT^pp  mmaawwi  tuff  aartiUirMjtafl  atniiB  fBine  MhlMlHMll  aMlt  lOff  lllie  erater 
ranfl  nifaymaittwfl  awi  immimJtai  fhnr  (jHattmunwai  nip  Itm  .UMI  ffinum  IflhB  icgater  B%)e-  Implicit  CriterS 

eeaiadtetiaaB&r  duttaisTilODffesIL  g1|Biia«B  11,  3&,  amfl  M  anre  jftmftmgriipte  otf  Iflie  C«cIIi«b  aarea 

aOter  ^hdtttiiiii^,  ^faawwtagttfae  ]%  amfl  nmnimaw  gff  ttttmiiwwmtt  mmlteriialL  Id  OBtder  Itm  siire  a  dleirer 

gibttUZmdSlteelli^,  ipwTrffnniM  Itmro  Unamn  nwalniiir  IHtw  imralW  irullilii  a.« 

mte  Txrmrt  nwrffcwrBmnrrap  mrr  iil«rtnni  jjtawwt^  I'llglire  317.  TBijniwwiiwiItiillitaw*  Hi^  ilaB  Hatom  ItiB  Ihe  tfmnnm  8t 

ttoMJEfeBaMdni£\witittfafbxranllSltDl7!(i)&s^  Hite  ]iiaii(iixri%  ooSItlie  laBrse  suwes  ai£  Uhiiumaaitt  malberiial 

Itte  TmiWHin  Ilnifn  fpmritwr  TtamHW  (iff  tiHng>  (nntrtwr 

llapdkdffdiiteBtetecfeteltegiimCTmitefliiteEtaBfflaigttitodsgiiff  gireatelliliiiglfraM^^  SteallitanE 

dfili^ltel^iiittsliijg^SueQfliian]^^,  tbummomr,,  mutt  te  jjmaltiffiteL  MwiDsMameour  Itlotasttte 

^jteJifldfftlltectevitimitaDiHSfflwn^,  tite  ailigm  dff  llte  coratem  sites  deramaaBes  ante  Ittm  1%  lieii^  tendte 
ttDWBXtflaniacioinuim.  ^  maniliiiuiii  1%  Itael^lt,  Ihcmrarar,,  ateniDd  iintt  siteztt  lliip HawMsitege 
qff  life  TOilunffi  to  (Qiaterwdluiia  las  ttwenccatttelttetefflraiimttey  sate  (tetoamflfepnntoiftii^rqpBmaeBft- 
ddilTOdifiimalsiiila^,  9tBiataBiiim7..  Htesassgmrzsite^saireZiDteSQDiiimiiaar  smrteoeafliHiiiraeirDniiid 
tena^,  TBi  itB  238)  ffair  fBinfhiinp  ftiiirai^,  1(D  to  330  ftor  JiCTir  smiffiBBe  amteni^rainiiifl  Bnmrslt,  mind  93!)  to  TO  imr 
<teB^uiiiteniBidniiifl)butet.  Stordtsintotmtom^^  tfltersfitan^,  sodfaasttltellPGattiisIte)  nuislt  ai£  Itiie 
Qoiatteisa  inmite  to  qtodiwDte  dm  teatoteamflditoaatt  am  iteJaageiiiaaMsaffiiitejgttea  aim  Ejected 
xba^mBito  ((tetdmnut^)  totfito  tom  (oiator  racdfi  dff  illte  (EittoiBr 

TPteggSaaatogBBltoaraittgBirtodlnBgitaHaUitMtefllitegiragtedflamiiiBWhtotor  li^ 
aB-^tQDaaiHralltelltailtedffdiBDuiagy  gprontotiteTTIIB^wmrffiltet^gniiiH^toallllBWff  atoite  torilatttoBi 
itnttteUipctilineisaiinK.  TDte  aBtntt  (Eacteffi  ]%!,  Sar  CTHBinijlff,,  ccaaM  aam^  atewregni  ^ 

lli|^  told  ttD  303  )wtte. 

Utopi^toiimaiteamdnnBiite.  Stemtoute^^mitiiixaUci^prsetoixmdfflitesrfDiitesuitoicswRSiiDGns- 
unasti  aid  INIS  Ifnmi  dm  3ilr  and  to  toot  testailte  ttiatt  tttene  te  r^Kotofl  tor 

9amui(&(cettHitotdttttte9a><S.  Hltaaaeim«au]«iiffiito^«mimiii«teit«ta%(DiniDr^i(iSeswteas^te- 
tttotolforUMtth33lHto(CteituBamd9Eoa.  ttotmaiaitt  dfagtopginBitt  unogBimeanBito  anaite  Dgy  gtuggsat 
UffiasQdidttlftolteuja»ditoa.dite(dk.  lDtec&toi^aasiiatteEiq»)todtottfln«%lU(^cteeBr«sc(ff»ciDtirau:i3r 
itmmioedtf  tttegjvAxtbUt^dffgitet^htesgimund  imdilimgnniduDsdllgr  itelllteC  dff  itatomiall  aAraos  »nd 
^ottton  ctauoedltjy  dttlfer  Whitts. 

rndtcoongitotedvuitiU  113^  tboniHffi  dff  tlte  ll»»n<d  to  suromy  gmsoniiHill 
tftaimttte  thl^q^tatail  nwttfatiton  Wtenamcotoiyctf  :^teiitotowtoddltowaMwB%3fattP«« 

^atdiMtowto,  ittMivto^QundttlattinatotdffttteatetiitDtoiladitaanici^triQmdtttaoi^ittevasiifftoilll- 
'^dtJtotodmdcdHi^ttfto  %gii!q^dtg»Kioiiifdl  aiffodiiti%«  amDown^  dff  tltetr  iiifltttqiiiniito  tout) 

iiutiitiiHimi]MUt4ftDnd99QR»nm. 

i]li9pmwttodiH»wimiumttoilteilMtthShdto!{^ait>admdlKnidomlitotediln'lI!riUtell!D.  HUmmsnm 
'-)9iUyttwomitoBU]wnfe)ttoQifMnUtoffor3hte(C«aitto,  iSteitDtoirTilitStoidlKd,^^  SBteiionl^illS 
^)Nlto^t«c^tttu«»c0f^0tlltotflntoypmuHd4unmdaldyBatodtc^own«al(d(te^itaKItol»)ttdff  (OJliS  iliidh. 
iVte<d>to)q[i«mnuimMin»dq;ipimgitn^^  liaSi^iMiiitthdiip«»titwi]i]wtoGitu»ttlandtf  (OJlSe  snoond. 
iy)Miatett41fiq|iltomto9teiiif»au)wiMittoinaUie>l)y3tro}tetUi6dttdQgnmiitaattd^tfiit8idtotoiite,  )how- 
*mn,  itiidtQ4toddiiiiM9ctinumcilawnwax!diiiiowra»ittttntotiteii^g»8tttDndtf<l)^^ 
nmmiiniOtomnttdttwtoitodtipt»tttto4tf>l)dK2iti«ih:toidmii(totttitel<d^iIaRtoantedtf(D3Btodhdil»ve 
ttteipwttlaiidlfivtot.  ^tttol^UaK^mttB3ira^teM1lntoypqMmti«etodnfd;jg■to«a]mIlnafmtt(te>w^- 

TPte'Wtotpi»88Utodtttthte!4ltelro^mtodiwiwiirtnidt«lfr  W)g«^ 
^tth4a{9QStU))^l)liitoe:ijh»tiitodf<])Jl4DmeeoHd.  StwmxnUy  otettl!a^8tmtt':d^9iIto0l^«ttImeBStam~ 
1M)llt  tots  iMMtiwd  tor9Ml^Ototltt4l4»ilnptolwnalt<4hte4tetttto^to«dlte3^^ 

^Ttie  only  Mconte  ttf  imlte  fte^ShteiKte  ilSDiOSduiditSOilffi,  whtoh  weim  wt 

dttMteto  4it 4/191  toid4«3R»ito«tf]Fom:grou^  4tttitoit80i(a«lui«wd«i}wniimem 

ilrtlw,  ;<ltoit4toi|)DOTtotoaail»wttiafc,  4tod>mnffwaiBtogitqBi»Hartw<tdly3aH)aMtttoiih%gw^^ 
«iwiwiiu^totons^attma>dudtetottoSfc<tttoigOaBi«dldm4Wi»owtM<t^ 
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FigBreSS  Shot  Caclns  enter  Up. 
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SCCtCT 


preMure  with  a  1.56  seconds  positive  phase  mui  measured  close  to  Station  180.03.  Conqimrable 
transient  measurements  were  aoade  bjr  Project  1.S  at  distances  of  3,144  and  3,950  feet  from 
ground  aero.  Tlie  gage  records  at  3,144  feet  registered  a  maximum  doamward  displacement  of 
2.06  inches  with  a  residual  of  1.16  inches.  An  early  downward  aMvement  of  1.94  Inches  was 
registered  at  S,W0  feet  with  a  residual  diaplaeemeHt  of  2.70  inches. 


FIgac  27  aM  Chdas  profile. 


Addmoaal  measureaMota  were  aaade  on  die  cement  blocks  aapportiag  Pipeline  1131.  This 
daha  is  also  praaanM  Is  TaMe  10.  These  mauaromanta,  however,  are  considered  of  little 
vafese  siace  ttm  Mabks  were  seisiMtiiil  by  X  iramet  anchored  into  coral  or  cemented  sand  at 
dhflha  tram  10  Id  20  feat,  awd  X  ia  aatptctad  that  aomt  amvamaat  of  the  hlecka  was  dae  to  the 


is  possible.  The  possibility  of  the  stations  being  altered  during  gage  recovery,  outside  effects 
from  other  shots,  and  the  gradual  change  of  stations  with  time  cast  a  reasonable  doubt  on  the 
validity  of  the  data  available. 

CC»fCLUSIC»«5 

It  Is  concluded  that: 

1.  A  suitable  factoring  system  can  be  developed  for  adjusting  raw  crater  data  to  a  stuidard 
condition.  Additional  data,  of  different  media  response  to  shocked  conditions,  is  needed  In  order 
to  develop  these  factors.  This  can  probably  be  done  by  a  system  of  high-eiqsloslve  tests  under 
controlled  conditions  so  that  parameters  such  as  soil  strength,  void  ratio,  moisture  content,  and 
density  can  be  varied  and  their  effects  on  crater  size  evaluated. 

2.  Results  Of  Operation  Hardtack  plus  previous  results  of  Operation  Redwing  have  conclu¬ 
sively  indicated  that  the  detonation  of  devices  inside  relatively  small  water  tanks  appreciably 
Increases  the  crater  dimensions  by  acting  as  tamping  material. 

3.  The  cratering  curves  given  In  TM  23-200  for  water  surface  burst  are  not  in  agreement 
with  craters  measured  from  Operation  Hardtack  barge  shots.  Craters  formed  under  these  con¬ 
ditions  were  larger  than  previously  expected. 

RBCMOfENDATlONS 
R  is  recommended  that: 

1.  A  more  refined  factoring  system  for  adjusting  crater  dimensions  be  developed  so  tiat 
shot  data  can  be  reduced  to  a  standard  condition. 

2.  Future  detonations  of  nuclear  devices  having  unusual  environmental  conditions  be  closely 
monitored  for  associated  effects  on  craters. 
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44  Crsnssisltsg  Bssiaml,  U.  S.  GMD  Spwlal  Wsapons-Aneunitlon 

Oomsnd,  Boesr,  B,J, 

45  Ccmssnder-ln-Chlef ,  U.S.  Amy  Europe,  APO  403,  Bew  lork, 

B.T.  ATtH:  Opot.  Biv. ,  Weapons  M. 

RAFT  ACnFXTnS 

46  Chief  of  Basal  Opemtiona,  B^,  Waablagton  25,  B.C, 

ATT*;  CP^StPB 

47  Chief  of  IMsal  Dpamtlaiw,  B/h,  Waahlagton  25,  B.C. 

ARB:  QF-75 

48-  49  Chief  of  Mssnl  M search,  B/B,  Waahiagton  25,  B.C. 

ATT*;  Cods  611 

50-  51  Chief,  Buresu  of  Aarot»utlcs,  B^,  Washington  25,  B.C. 

52  Chief,  Bureau  of  Ordasmia,  B^,  Wushlngton  25,  B.C. 

53  Chief,  Bdmau  of  Bhtpa,  B/*,  Waahlugton  25,  B.C. 

ATT*;  Coda  423 

54  ChUf,  Baieau  of  Tarda  end  Boaka,  B/*,  Waablagton  25, 

B.C.  ATf*:  B>h40 

55  Miectar,  UJI.  TUml  Bswaaieh  Lakomtory,  Waehlkgton 

25,  B.C.  AH*:  ta.  Ratkarlaa  *.  tae 
56-  57  OsaiaaSar,  FMeal  OrdasaM  Ukomtaiy,  White  ta, 
SUterSMIa* 

56  taitallM  WMarwadM«M«ar,1latF>Mctionlm 

WMiettoM,  ta  MHP  'fl,  BaUf . 

59  taamdtag  Oittar,  «/«.  VaealWas  BaPaaea  Ub., 
PiMBaCUy,  FBa. 

60-  61  OaRtadlM  Offlaar,  «.«.  IMFal  RadleUgleal  latFm 
nabomtady,  Bm  PicaMlmo,  Calif.  ATW:  Twh. 
lafe.  Wv. 

62-  63  CWamdlM  Offloar  aad  Blmotw,  U.S.  Haeal  Civil 
CsgBaiarlkg  LakarataCTt  *srt  taaama,  Calif. 

AICR:  Cede  L31 

64  OiiiMiiiHiM  Officer,  U.S.  Rsvel  Sahoola  Otasad,  U.S. 

Maval  Station,  Treaaam  laUad,  San  Fmaalaoo,  Oallf . 

65  Saparlntandant,  U.S.  Mval  Foatsmdaata  School,  Mcntamy, 

Oallf. 

66  Offlear-ln-Charga,  U.S.  Baval  School,  CK  Offtaara,  0.8. 

Ratal  Constnwtion  Bn.  Canter,  Fort  lataMa,  Oallf. 

67  CCRhandint  Officer,  Itaalaar  Raapona  Tminlag  tatar, 

AtUntia,  U.S.  Baval  Rata.  Rorfolk  11,  M.  Afl*: 
talaar  Warfnm  Bspt. 

68  OotaadlM  Offlear,  Raclaar  Waapeas  Tminlag  Canter, 

Mwtfle,  Ratal  Station,  San  Blego,  Oallf. 

69  OoMBaadlng  Offlear,  U.S.  Ravel  Bma^  tatrol  Ihg. 

Canter,  Baval  Baaa,  Philadelphia  12,  Fa.  ATI*;  ABC 
tefenaa  Couma 

70  Coamdlng  Offlaar,  Baval  Air  Material  Oantar,  Philadvlphie 

12,  Fa.  AIT*:  Technical  Bata  Br. 

71  CcMssidar,  Officer  U.S.  Baval  Air  Bcvalofaant  Canter, 

Johnaville,  Fa,  ATT*:  BAS,  Librarian 

72  Conandint  Officer,  O.S.  Baval  Medical  Raaaateh  Institute, 

Batloeal  Ravel  Radical  Canter,  Ratheeda,  Rd. 

73  Coaaandlng  Offlear  and  Birector,  Bsvld  w.  Taylor  Modal 

Basin,  Washington  7.  B.C.  ATT*:  Llbmry 

74  eottwndlng  Officer  and  Birector,  U.S.  Baval  Baginaaring 

Baparlaant  Station,  Annapolla,  Md. 

75  0— andar,  Norfolk  Naval  Shipyard,  Fortmouth,  Fa.  ATTN: 

Ondarvatar  Baploai  -ns  Bacaareh  Bivisii-vi 

76  Coaaandant,  u.S.  MsrirM  Corpa,  Washington  25,  B.C. 

ATIR;  Cods  A03I 

77  HWdWai,  HtHRi  OMRS  MatSMg  MR*.  RmMMRXM 

WRUMsIWl,  RdMRtwe. 

76  Til— iilillin  BTFIMI,  R.S.  RiMl  CM  RWsM,  B.S.  Ravel  Air 
Station,  SlFMe,  RtaavlSh, 

74-  81  Chief,  Bameu  of  Baval  ThUROia,  Ravy  Beparteant,  Rashiagton 
25.  B.e,  A«R:  li»12 


AH  ran  ACTIflTIM 


ACTIVITII8 


SECRET 

cnm  SMMMBiT  or 


82  AMUtaat  for  At«ie  Mamrwr$  VMT,  Viihli^nn  2^. 

O.C«  ATOT:  BCi/O 

63  Wi,  XJBUt,  AfS:  OpantloM  Aaaljtlt  OfflM,  OfflM,  Vle« 
Chtof  of  Stoff,  Voahlnitoa  23,  B.  C. 

03  Air  7oroo  lntolll#tnoo  Oontor^  HQ,  OSATa  AC8/I 
(AVCa-jn.)  Wfcahlnfton  23»  B.C. 

86  BlTOOtor  of  loMaroh  ond  Bovoloiaont,  BCS/D,  B).  TJaAT, 

Vmslitiicton  23a  ^*0,  ATIH:  Guldanoo  ood  Woopont  Blv. 

87  Ite  Surgoon  Oonoralj  9),  BSAF,  Voftfalogton  23,  B.C. 

Aim:  Blo.^Bof.  2x0.  Nod.  BlTlalon 
86  CaMoador,  lActleol  Air  CoMond,  loncl^jr  ATB,  To.  ATOI: 

Boo.  SoGurlty  Broaeli 

89  •Oaandor«  Air  BofNnoo  CobuiA»  Ist  AFBa  Colorado. 

ASV:  Aaolotoat  fbr  Atonic  Inorfra  ABCBC^A 

90  CoBnAoTa  Air  NMoareh  ad  Boolopnnt  Coooxid, 

lirtria  AIBa  N^hli^on  23,  B.C.  tfOl:  KM 

91  rr—iilii  ,  Atr  fbroo  Bolllotic  MImIIo  Blr.  ■).  ABDCa  Air 

Worm  Bblt  Boot  Qffioo,  Loo  Ai^oloi  A3.  Cmllf.  Aim:  HDSOr 
96-  93  CoHBdor,  AT  CaArld«i  Nooooreh  Oootor,  L.  G.  Unoccm 
Blolda  BodftuA,  Nooo.  ARB:  e9Sfa-2 
98  Coaraior,  Atr  roioo  Spoclol  Noijoni  Oontor,  Elrtlaad  AIB, 
AlboqooxQoo,  B.  Noo.  ARB:  Book.  Info.  A  Intel.  Blr. 

99-3jD0  SUroctor,  Atr^Qblaorolty  Llbru^,  MutooU  ATB.  Ala. 
aSQ.  Coi^mWor^  Zmej  ’SMmtoal  Ratalai  Cootar  (m), 

Zmrw  AfBa  BooWa  ColONdO. 

102  OOMaAnt,  Stfhool  of  Arlatloii  Nodielno,  BBA7,  Bandol^ 

iiB,  mx.  ARB:  Boooareh  Boexatarlat 

103  CoBKOter,  lD09t^  Vpni-.  Bquadron,  Si.  BBAF,  Vaohlngton 

25,  3).C, 

lBA-106  Coanaador,  Vrig^t  Air  Bealopnont  Cantor,  Vri^t^Pattaroon 
Btyton,  Ohio.  ARB:  VCOBI 

107-lOB  Blxactor,  WtT  Projaet  BUQ),  TXA:  B8AF  LUloon  Offioa, 
no  SDBD  Coxp.,  1700  Main  St.,  Buta  Monloa,  Calif. 

109  CiMotea  Sow  Air  looo1ii—nt  Oontora  ASKa  Orlffloa 

V.T.  AStB:  BooMBto  ZA>«I7«  KHL-l 

110  OoNHBte,  Atr  Mtaloal  X&taXIS«iMO  Oontor,  BMP, 

M^'^ttosnon  AH,  CBio.  ARB:  AlCOMUn,  Ubiaxy 
m  Awlatont  Chlaf  of  Staff,  IrttalllNoneo.,  Si,  OMR,  ABO 
633,  Bov  fork,  B.T^  ARB:  Btzactorata  of  Air  BOx«ota 


113  Blrootor  of  BofOnoo  Boooareh  and  Intlaoorlnt,  Vaehlncton  23. 

B.C.  ARB:  Tteh.  Llbrarf 

114  Chainan,  Ainad  Sarvloao  Ixplooiras  Safaty  Board,  BOD, 

Bulldlnc  T-7,  OravaUy  Point,  Vaohincton  23,  B.C. 

113  Blraotor,  Waapone  flyotone  Ivaluation  Group,  Boon  1X660, 

Tho  Pantagon,  Waohington  23,  B.C. 

116>1I9  Chlaf,  Bofteoa  Atonle  Support  Aganey,  UMhli^;ton  23,  B.C. 
ARB:  Bneiownt  Llbraxy 

120  Coaondar,  Flald  CooMnd,  BA8A,  Sandla  Baoa,  Albuquorquo, 

B.  Nos. 

121  CoBondor,  Hold  CooMnd,  BASA,  Sondla  Bom,  Albuquorquo, 

B.  Nos.  ARB:  PCTO 

122»126  OeoinuAor,  Hold  CooMad,  BASA,  Sondla  SaM,  Albuquarquo, 

B.  Ite.  iOm:  fCHT 

127  CoHMndor,  Jm-7,  Arlington  Ball  Station,  Arliagton  12, 

Ba. 

128  Coaa&dar»ln-Chlaf,  Stratagie  Air  Connand,  Offutt  APB, 

.  Sib.  ARB:  0MB 

329  Ci—inBir»tn-Chtaf,  lOCOM,  APO  126,  Bov  fork,  B.T. 


ARHxc  mam  ccmossiob  activitibb 

130>13^  B.S.  Atonle  Smt^  Coolooion,  Taehnleal  Library,  Vaohlng. 
ton  23,  B.C.  ARB:  For  SS 

3-33-23^  Almoe  Soiantifie  laboratory,  Boport  Library,  P.O. 

Bon  1663,  lot  Alanoo,  B.  Nax.  ARB:  Bolan  Boteen 

^33-139  Sandla  Oor^ration,  Claoeifiad  Boeoant  Blrlslon,  Sandia 
Baoa,  AlbuqoarQua,  B.  Nax.  ARB:  E.  J.  flNyth,  Jr. 

UO-3A2  Unitaralty  of  Oallfomla  towmaoo  Badlation  Laboratory, 
P.O.  Ion  808,  Idoamora,  Calif.  ARB:  Clone  0.  Craig 
IA3  Bonenttal  Qponttag  Booerdo,  Binelon  of  lafoinatlon  Serr- 
lane  for  Stoengi  at  BC-B.  ARB:  John  I.  Boa,  Chief, 
lindqiioiinTe  Booerdo  and  Nall  Sosnaa  Broach,  U.S.  ABC, 
Bhahliglon  23,  B.C. 

14A  Weapon  Bata  Saetlon,  Taehnleal  Infonoation  Sarriea 
tetODOion,  Oak  Bidgo,  Tonn. 

1^3-17?  Toeteleal  Infbxnation  terrloa  Xxtanelon,  Oak  Bidgo, 

Tnm.  (Surpluo) 


SECRET 


